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T Tauri stili's, one g]~oup of low-mass pre-main-secluence s_tars, are young stellar objects with mass of less than 
about two solar masses at a stage of evolution in which the sta]' is contr'actlng and gatherin_c'_ matter through an 
envelope or a disk aroLLnd it. To undei'stand the evolution and formation of low-mass stars, information on the 
structure and kinemEutics of nearby region of T TatL[ri stars within an AU to SLLb-AU scale from the central star Is 
[mportant because lhese stars have complicated structures that s trongly reflect lhe mass Llccretion and ejection 
processes of the star in this re*~:lon. 
To reveal this compact l'e~[on observationally, current lypical spatial resolution of 0.1 arcsec of optical lo IR 
ima~:ing and radio Interferometi'y is not sL[rt'icient. Among the VEll'ioLIS observational methods, optical-IR 
inte]'ferometry thLlt can resolve the st]'ucture of 0.1 AU scale in TaLll'LIS cloud, one of the nearest star forming regions, 
is one of the importzmt tuld hopeful methods, though it has also many techniczll limitations. 
Now, h[gh-disperslon spect['opolarimetry of spectral lines (line polarimetry) is another powerful tool to study in 
detail structLu~e ttnd kinematics around a slar with emission lines and scatterin_*cr processes. Iike T Tauri stars. Spectral 
lines in SLlch systems show linear l]olarization distribution over the line lhat reflect the _*creometi'y and motion of both 
the emitters and scatterers throu_c~*h Doppler wavelength shift and polarization generation by light scattering. ThuS a 
higil-dispersion spectrum of linear polarization is generLllly sensitive to Lisymmetrical strL~clure near the emitter dnd 
we can obtain information on structure and kinemalics within SLlb-AU scale region which cannot be resolved by the 
ordinary i magi ng. 
We performed hlgh-dlspersion spectropolarimetry of one of T Tauri stalrs, RY TaLLri, using the echelie 
specti~opoiarimeter LIPS (Llne Polarimeter and Spectrograph) attached on the University of Hawaii 2.2-m telescope 
'at Mauna Kea Observtltory at three epochs in 2002. We oblained spectra of [ntenslty and lineair polarizatlon zlt 
spectral resolL[tion of R-6300 (velocity resolL[tion of -45 km/s) ovei' speclral range from 5320 A to 8620 A at 
once. SLlch a wide wavelen*'*Tth coverage ¥vith high di:~.'persion is one of the advantLlg-es of LIPS. We detected line 
polarlzalions th21[ are diffenl from the conlinuum in severLll spectral lines o[' [Ol]. H (1: , NaD, OI A A /~772-r~7/~or, and 











































































































































































In terms of model, observation and instrL[mentatlon. 
We need the cievelopmenl of the line polarization mode] considering several components suitable for T TaL[T-i stars 
to establisll high-dispersion spectropolarimetry as the useful tool to investig-ale structL[re and kinematics near the 
central star of T Tauri stars. 
The additional observatlons are also much-exl]ected. The number of observed T Taur[ stars by higrh-dlspersion 
spectropolarimetry has been only ten stars and restricteci on the H a line t'or multiple samples. For mL[lllple spectral 
lines, only one object RY Tauri has been observed as described in thls paper. We need to clarify both **crenerality and 
variety oi' Ihe observational propertles of polarization oi' each spectral line over physical properties and environments 
oi' T Tauri stars by increasing In number of samples. 
The instrumentation in existence may become inadequate for i'urthei' study. This is because the long exposure time 
of aboL[t sever',ll hours is required i'or even the brightest T TaL[r] stars to achieve minimum polarimetric precision of 
about 0,1 percent per angstrom for 2-4 m class telescope. The larger telescopes of 8-lO m class are recluired. In 
adc]ition, a spectropolarimeter wlth high efficiency such as LIPS, by which we can obtain high-clispersion 
polarimetric spectril of sevei'al lines at once, must be operated on lhese telescopes. 
We developed the echelle spectropolarimeter LIPS which is a unique spectropolarimeter in the world with hlgh 
dispersion (~~v-30 kmls) and wide wavelength coverage (more than 3000 A widlh at once). The polarimetric 
accuracy Is less than 0,1 a/o owing to optimizalion of a half-wave plate 2lnd careful constructlon of optics for required 
polarimetric accui'acy. LIPS exclusively gains ei=ficiency of line polarlmetry on mu[tiple spectral lines. LIPS has 
been stably operated at the 2.2-m telescope of University of Hawaii at Mauna Kea since Spring oi' 2002. 
The author has taken initiative In development of the CCD camera system and electronic system. 
We achieved the noise oi' 3 electrons per plxel at miniiT]um for the CCD camera. The linearlty of the CCD camera 
response is well withln d: 0.2-0.3 o:Yo over the whole dynamic range. 
We also produced stable coollng of the CCD chip at ~ Ic;O K by a small stirling cycle refrigerator. In our cameril 
dewar, the inner pressure _a*oes up at a rate of - 10 ' Torr/s by oLitgns from the wall of the chamber and inner pLlrts 
and the releaseci _cr*as particles completely prevent cooling in several minute~' after we stop pumping* due to the 
thenT]al conduction through the gas. We resolved this difficully by establishing* a soll)tlon pLlmp in the dewar. We 
moLinted an OFC case wllh many rooms in which adsoi'bents, such as pellets of molecular sleve 5A. 13X anci 
actlvated alumina, ilre f'llled directly onto the coid head of the refrig*eraltor to cool adsorbents as cool as possible. This 
adsorbent case operated at the cool temperature around 100 K works as a strong sorption pump. It catches almos_'t all 
of the released gas continuously Llfter we stop pumping. The pressure In the dewar is kepl at - 10" Torr and we 
succeeded to make thermal inflow throL[gh thermal conductivity of inner gas pLu'ticles negligible. 
We constructed the ori_*(Tjnal PIO cont['ol unil that controls three stepping motors. six photo-sensors and a Th-Ar 
lamp in LIPS. The system consists oi' 3U size eurocard modules dlvidecl by their functlon and easily controlled from 
the standard parallel por't of a POSIX standard computer. These desi**o'ns are advantageous in extension of the system 
SLlch as increment of motors or sensors. The system can be applied on wlde use of electronic system from a simple 
system with a few motors ztnd sensors to the complicated system as LIPS very easily owin_o* to Its general versatllity 
anci portabil ity. 
-91 
*
 
i
 
i
.
 
 論文審査の結果の要旨
 秋田谷洋提出の論文は,本人らが独自に開発した高分散偏光分光装置を用いて太陽質量の2倍以下の
 質量をもつ前■主系列星を観測し,中心天体の直近星屑領域の構造について考察したものである。
 星間分子雲から原始星を経て主系列星に至る過程の■一時期に,中心天体の周1)に形成されるハローや
 ジェット,円盤など星周物質からなる構造は,中心天体の質量,角動量,および磁場の決定に重要な役
 割を果した後に,中心星からの輻射によりやがて散逸してゆくと考えられているが,具体的な過程は明
 らかでない。理山の一つは,質量と角運動量の交換が効果的に行われる中心星の直近1天文単.位以内の領
 域を撮像することが,現時点ではまだ困難なためである。
 著者は,この問題を解決する手段として,輝線スペクトルの直線偏光特性を調べることが有効である
 ことに着目し,まず広い可視波長域を,高波長分解能と高い測定精度で偏光分光する観測装債を開発し
 た。著者は検出器と電気系回路の開発を主導し,!50K冷却に必要な真空度の維持とピクセルあたり3電
 子の低ノイズ化に成功し,必要な偏光精度達成に寄与した,、
 この装置をハワイ大学マウナケア天文台2.2m望遠鏡に装着して,おうし座丁型星の一・つであるおうし座
 RY星において,5500～8500Aの広い波長域を分解能6300で観測した。著者はこのスペクトルから恒星大:
 気成分を除き,さらに星問偏光の寄与を精度よく見積もって補正して,この天体の星周物質による多数
 のスペクトル線偏光輪郭を取得した。とりわけ,[Ollλ6300でLn±0.69%の星周起源の偏光を検出し,
 連続光とは異なる散乱幾何をもってこの輝線が観測者に届いていることを示した意義は大きい、、またHα,
 lSπ],[NH],D!,D2、D3輝線などの他の輝線の解析を加えて考察の結果,回転と膨張運動を考慮し
 た星周円盤モデルの有効性と観測天体数の増加の必要性を示した。
 り、上のように,本研究で行った開発と観測の考察は世界で初めての成果として高く評価できるもので,
 著者が自立して研究活動を行う上で必要な高度の研究能力と学識を有していることを示している、よっ
 て,秋田谷洋提出の論文は,博士(理学)の学位論文として合格と認める。
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